to behave in a manner appropriate for human households. This includes, for example, learning to 49 eliminate outdoors or walk calmly on a lead [1, 2] . The fact that dog behavior problems are the 50 most frequently cited reason for rehoming or relinquishment of dogs to shelters and for euthanasia
51
[2] suggests that such training is often missing or unsuccessful.
52
Dog training most often involves the use of operant conditioning principles, and dog 53 training methods can be classified according to the principles they implement: aversive-based 54 methods use positive punishment and negative reinforcement and reward-based methods rely on 55 positive reinforcement and negative punishment [3] . There is a heated debate surrounding the use 56 of aversive-based training methods, as studies have linked them to compromised dog welfare 57 (e.g., [4] [5] [6] [7] [8] [9] ). Some aversive-based tools, such as shock collars, have indeed been legally banned 58 in some countries [10] . However, a recent literature review by [3] concluded that, because of 59 important limitations, existing studies on the topic do not provide adequate data for drawing firm 60 conclusions. Specifically, the authors reported that a considerable proportion of the studies relied 61 upon surveys rather than on objective measures of both training methods and welfare; that they 62 focused on sub-populations of police and laboratory dogs which only represent a small portion of 63 dogs undergoing training; and, finally, that the empirical studies have concentrated mainly on the 64 effects of shock-collar training, which is only one of several tools used in aversive-based training.
65
In summary, limited scientific evidence exists on the effects of the entire range of dog training 66 techniques on companion dog welfare.
67
Furthermore, previous empirical studies have focused on the short-term effects of training 68 methods on dog welfare. Behavioral and physiological indicators of welfare, such as the 69 frequency of stress-related behaviors and the concentration of salivary cortisol, have been 70 collected in and around the training situation (e.g., [8, 11] ; see also [3] ). However, the long-term 71 welfare implications of training methods have not yet been examined. To our knowledge, only 72 one study evaluated the long-term effects of training on welfare. Christiansen et al (2001) [12] 4 73 found no effect of shock collar training on dog fear or anxiety; however this was based on dog 74 owner reports of behavior and temperament tests rather than on objective and animal-based 75 welfare indicators. Importantly, a suitable assessment of the effects of training methods on dog 76 welfare should comprise an evaluation of both their short-and long-term effects.
77
Long-term (or chronic) stress can arise from the cumulative exposure to aversive 78 experiences [13] , which may reflect the experience of dogs trained with aversive-based methods.
79
A body of research has shown that long-term stress is associated with changes in the long-term 80 affective state of animals (e.g., [14] [15] [16] ). One way to assess affective states is through the 81 cognitive bias paradigm (e.g., [16] ). The cognitive bias task has been validated as an effective 82 tool to evaluate the affective states of non-human animals and has been extensively used with 
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The test was conducted in an indoor room (7.7 x 3 meters) within a research building at Prior to the start of the cognitive bias task, the dogs were given the opportunity to 216 familiarize with the test room and the researchers. This consisted of a 10-min period during which 217 the dog was allowed to freely explore the room and engage with the researchers and the owner(s). Canastra or Joana Guilherme-Fernandes) behind a barrier (2 x 2 m, see Figure 1 ), while the 225 'timer' (ACVC) baited (or did not bait, depending on the type of trial) the bowl with a piece of 226 sausage (approximately 1.25 g for smaller dogs and 2.5 g for larger dogs). To ensure that the dog, 10 227 the owner and the 'handler' were blind to whether or not the bowl contained food during each 228 trial, the bowl was baited out of their sight, on the opposite side of the barrier. Additionally, the 229 food reward was rubbed onto the food bowl before every trial to prevent the influence of olfactory 230 cues. The height of the food bowl was such that visual cues to the presence or absence of food 231 could not be judged by the dog at the start position.
232
After baiting (or not baiting) the bowl, the 'timer' placed it at one of the two training 233 locations. The 'timer' then determined the start of the trial, by verbally signaling to the 'handler', 234 upon which the 'handler' led the dog to the start position and released him. The 'handler' always 235 led the dog to the start position on her left side. Because we found that dogs had some difficulty 236 noticing the bowl at the end of the room during pilot tests, the 'handler' walked towards the bowl 237 and pointed it out to the dog in the first four trials. For the remaining trials, the 'handler' simply 238 walked the dog to the start position and released him. After the dog reached the food bowl and 239 (when applicable) ate the reward, the 'handler' collected him and led him behind the barrier to 240 start the next trial. The latency to reach the bowl, defined as the time elapsed between release at 241 the start position and the dog putting his head in line with the edge of the bowl, was recorded for 242 each trial by the 'timer' using a stopwatch.
243
The position of the 'positive' and 'negative' locations was counterbalanced across 244 subjects and training schools, such that for half of the dogs from each training school, the 245 'positive' location was on the right hand side as they faced the test area, and for the other half it 246 was on the left. Initially, each dog received two consecutive 'positive' trials (bowl placed in the 247 'positive' location) followed by two 'negative' trials (bowl placed in the 'negative' location).
248
Subsequently, 'positive' and 'negative' trials were presented in a pseudorandom order, with no 249 more than two trials of the same type being presented consecutively.
250
All dogs received a minimum of 15 training trials to learn the discrimination between 251 bowl locations. Dogs were considered to have learnt an association between bowl location and 252 food (the learning criterion) when, after a minimum of 15 trials, the longest latency to reach the 253 'positive' location was shorter than any of the latencies to reach the 'negative' location for the 11 254 preceding three 'positive' trials and the preceding three 'negative' trials. Each trial lasted a 255 maximum of 20 seconds. If the dog did not reach the bowl by that time, the trial automatically 256 ended and a latency of 20 seconds was recorded.
257
All but two dogs were able to complete the training phase. For the two dogs that failed to 258 complete training, one did not show any interest in the food reward and the other was food-259 motivated but could not focus on the task. These two dogs belonged to Group Aversive.
260
Therefore, the total number of subjects completing Phase 2 in Group Aversive was 42. 
370
-Friedman's ANOVA and Wilcoxon signed-rank tests were used to analyze the 371 frequency of stress-related behaviors, the percentage of scans in the different 372 behavioral states and the percentage of scans panting across the three training 373 sessions, in order to examine whether there was an effect of sampling period. Where 374 no effect of training session was found, the data for each dog were averaged across 375 the three sessions.
376
-Mann-Whitney tests were used to compare the frequency of stress-related behaviors, 377 the percentage of scans in the different behavioral states, the percentage of scans 378 panting, the difference in cortisol concentrations and the adjusted latencies for the 379 cognitive bias task between Group Reward and Group Aversive, in order to 380 investigate whether the groups differed in these different indicators of welfare.
381
-A Wilcoxon signed-rank test was used to compare the post-training with the baseline 382 levels of cortisol within both Group Reward and Group Aversive, with the aim of examining whether the concentration of salivary cortisol changed as a result of 384 training for each group.
385
-A Mann-Whitney test was used to compare the number of training classes attended 386 by the dogs before moving to Phase 2, to verify if these did not differ between groups.
387
-A t-test for independent samples was used to compare the number of trials needed to 388 reach the learning criterion in the cognitive bias task between Group Reward and 389 Group Aversive, in order to explore whether the groups differed in learning speed.
390
-A Wilcoxon signed-rank test was used to compare, in the cognitive bias task, the 391 latency to reach the P location during test trials and during the final trial, when the 392 bowl contained no food, to verify whether dogs were relying on olfactory or visual 393 cues to discriminate between bowl locations.
394
-Spearman correlation coefficients were used to examine the correlation between the 
511
Session 2: U=1359, p=0.008; Session 3: U=1223.500, p=0.001, see Figure 4 ).
512
513 Figure 4 . Average percentage of scans spent panting in training sessions 1 (S1), 2 (S2) and 3 (S3)
514
for Group Reward (left) and Group Aversive (right).
516
When averaging the results of the three training sessions, we also found that dogs from 
575
Lastly, an analysis comparing the average latency to reach the P location during test trials 576 and the latency to reach this same location during the final trial (when the bowl contained no 577 food) revealed no significant differences (T=1295.50, p=0.328), confirming that the dogs were 578 not relying on olfactory or visual cues to discriminate between bowl locations. 579 580
Discussion

581
This was the first empirical study to systematically investigate the short-and long-term 582 effects of aversive-and reward-based training methods on the welfare of companion dogs. We Table S1a . Characterization of the training schools by types of behaviors trained, training sites 847 and class structure.
848 Table S1b . Definition of the aversive-based operant conditioning procedures used to classify the 849 dog training schools as aversive-based or reward-based. The schools were classified as aversive-850 based if they used some sort of positive punishment and/or negative reinforcement and as reward-851 based if they did not use any of these techniques. Table S1c . Frequency (mean ± standard deviation) of positive punishment and negative 853 reinforcement used during the four training sessions videotaped at the dog training schools.
854
Schools A, C, D and F were classified as aversive-based and Schools B, E and G were classified 855 as reward-based.
857
Appendix S2. Ethograms used for the analysis of the video recordings of dog training sessions.
858 Table S2a . Ethogram for stress-related behaviors.
859 separation from the mother comprised nine [less than 1 month; 1 -1.5 months (inclusive); 1.5 -875 2 months (inclusive); 2 -2.5 months (inclusive); 2.5 -3 months (inclusive); 3 -4 months 876 (inclusive); 4 -5 months (inclusive); more than 5 months, don't know]. Kruskal-Wallis and
